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5 HT.A Binding Pqrrides and Thdr Uses 

CROSS REFERENCE TO RELATED APPLICATION 
This application is a coiitinuation'-in-{»it of applicadon U.S. Serial No. 
08/344.824, fdcd November 23, 1994, which is a coDrinuadon-in-part of application U.S. 
10 Serial No. 08/278,634 fHed July 21, 1994, both of which arc incorpoiated herein by 

reference. 

BACKGROUND OF THE INVENnON 
The present invention relates to compositions and methods for prcventini;, 

15 treating or diagnosing a number of pathological states such as viral diseases and cancers. 

In particular, it provides novel peptides capable of biruling selected major 
histocompatibility complex (NfHQ molecules and indudng an immune response. 

MHC molecules are cla^sifird as cither Class I or Class n molecules. 
Class n MHC molecules are expressed primarily on cells involved in initiating and 

20 sustaining immune responses, such as T lymphocytes, B lymphocytes, macrophages, etc. 

Class II MHC molecules arc recognized by helper T lymphocytes and induce 
proliferation of hdper T lymphocytes and amplification of the immune response to the 
particular immunogenic pepdde that is displayed. Class I MHC molecules arc expressed 
on almost all nucleated ccUs and arc recognized by cytotoxic T lymphocytes (CTLs), 

25 which then destroy the antigen-bearing cells. ClLs arc particularly important in tumor 

rejection and in fi^iting viral infcctifms. The CIL recognizes the ahtigea in the 

form of a peptide fragment bound to the MHC class I molecules rather than the intact 
foreign antigen itself. The antigen must imnnally be oidogcnously sy nthe size d by the 
cell, and a portion of the protein antigen is degraded into small peptide fiagments in the 

30 cytoplasm. Some of these smatt pq)tides trarislocate into a pre-Golgi coinpaitmcnt and 
interact with dass I heavy chains to facilitate proper folding and association with the 
s^umifil tnicroglii^ulin. Tbe pq>tid&*MHC dass I comptec is then routed to the ccD 
sui£ace fbrcxpressicm and potential recogniticm by spcdBc CTLs. 
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Tte MHC dass I aiidgcas arc encoded by the HLA-^A, B, and C lod. 
HLA-A and HLA-B andgcns arc expressed at the cell surface at approximatdy equal 
dcnsidcs, whereas the expression of HLA-C is significandy lower (perhaps as much as 
lO-fdd lower). Each of these lod have a number of alleles. 
5 Specific modfs for several of tfie major HLA-A alleles (copending U.S. 

Patent Applications 08/159,339 and 08/205,713, referred to here as die copending 
^iplicadons) and HLA-B alleles have been described. Several authors (Melief, Eur. A 
JnommoL, 21:2963-2970 (1991); Bcvan, el aL, Namfe 353:852-955 (1991)) have 
provided preliminary evidence that class I binding modfs can be ^lied to the 
10 idcntificadon of potcndal immunogenic peptides in animal models. Strategies for 

identification of peptides ot peptide regions capable of interactihg widi multiple MHC 
alleles has been described in d:c literanirc. 

Because human population groups, including racial and ethnic groups, 
have distinct patterns of distribution of HLA alleles it will be of value to identify motifs 
15 that describe peptides capable of binding more than one HLA aUele, so as to aducve ■ 

sufficient coverage of all population groups. The present invention addresses these and 
other needs. 

SUMMARY OF THE INVENTION 
Tlie present invention provides compositions comprising iinmunogciuc 
'20 peptides having binding motifs for HLA alleles. The immunogenic peptides are about 9 

to 10 residues in length and comprise conserved residues at certain positions such as a 
{ordinc at position 2 and an aromatic residue (e.g., Y, W, F) or h/drophobic residue 
(c^g., Y,M, or A) at the carboxy terminus. In {mticular, an advantage of the 
peptides of the invention is their ability to bind to two or more (fiffercnt HLA alleles. ^ 
25 . The present invention defines positions within a motif enabKng the 

selection of peptides that will bind eflidendy to mc^e dian one HLA-A, HLA-B or HLA- 
C alleles. ^tq)es possesnng die motif of die immunogenic pqitides have been 
;rfi>nrifii-f| pniwitial httgrt anripmt inrladihg hqnatiti^ B CQie and surface antigens 
(HEVc, BBVs), hqiatitis C antigens, Epstein^Barr virus antigens, and human \ 
30 irnrmmodefidcncy type-1 virus (HIVl). Thus, die invention 

inummogcnic peptides comprinhg sequences of target antigens. 

The peptides of the invention are useftd in pharmaceutical compositions for 
bodi in ytvo and cx vfvo ther^)eutic and diagnostic ^licatiims. 
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De&uUons 

The icnn 'pcpiidc* is used interchangeably with "oKgopcptidc' in the 
piescnt spcdficanoh to dcsignaic a scries of residues, typically L*aniino adds, connected 
one to the other typically by peptide bonds between the alpha-amino and caibonyl groups 
5 of adjacent amino adds. The oligopeptides of the invention arc less than about 15 

residues in length and usually consist of between about 8 and about 1 1 residues, 
preferably 9 or 10 rcaducs. 

An "immunogenic pcpdde* is a peptide which comprises an allde-spociiic 
modf such that the peptide will bind an MHC molecule and induce a CTL response. 
10 Immunogenic peptides of the invcntitm are capable of binding to an appropriate HLA 

molecule arid inducing a cytotoxic T cell response against the antigen from which the 
immunogenic peptide is derived. 

A 'conserved residue' is a conserved amino add occupying a particular 
pontion in a pqptide modf typically one where the MHC structure may provide a contact 
15 pdnt with the immunogenic peptide. One to three, typically two, conserved residues 

within a peptide of defined length defines a motif for an immunogenic peptide. Thesp 
residues arc typically in dose contact with the peptide binding groove, with their side 
diains buried in spedfic pockets of the groove itself. 

The term "motiT refers to the pattern of residues in a peptide of defined 
20 length, uaially about 8 to about 1 1 amino adds, which is recognized by a particular 

MHC allele. The peptide modfs are typically ififferent for each human MHC allele. 

The term "supermolir refers to motifs that, when present in an 
ijQQmunogenic peptide, allow the peptide to bind more than one HLA andgen. The 
supermotif preferably is recognized by at least one HLA allde having a wide distributtoa 
35 in the human populadon, preferably recognizied by at least two alleles, more preferably 

xccogmzcd by at least three alleles, and most preferably recognized by more than three 
alleles. 

The phrases 'isolated'' or "biologically pure* refer to material which is 
sid>siantially or essentially free from coiiq>onents winch normally aocornpany it as foond 
30 in its native state. Thus, the peptides of this invention do not contaia matcriah nonnalty 

assodatfd widi dteir in sim environment, e^g., MHC I molecules on andgen prcsendng 
rr^ ? T . Even where a protein has been isc^ated to a homogenoirs or dominant band, Khae 
are trace contanoinants in the range of S-10% of nadve protein which co-purify with the 

SUBSTITUTE SHEET (RULE 26) 



4 

desrcd pnHdn. Isolated pqmdcs of this invcndon do rtoi coniain aich cnck)gcnDUs co- 
puiificd piDtdh.- 

The tcnn "residue'* refers lo an amino add or antino acid mimetic 
incoiporatcd in an oligopeptide by an amide bond or amide bond mimetic. . 

5 ;^ 

BRIEF DESCWFnON OF THE DRAWINGS 

Fi^re 1 shows binding motifs for peptides capable of binding HLA alldes 
sharing the BT-Iike q)ccifidty. 
10 Rgurc 2 shows the B7-likc cross-reactive motif. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invcndon relates to the determination of aMc-specific pcpdde 

15 motifs for human H^ ^t I MHC (sometimes referred to as HLA) allde subtypes. In 

particular, the invention provides mc^ that are common to peptides bound by more 
titan one HLA allele. By a combination of modf identification and MHC-pqitide 
interaction smdies, peptides useful for pqitide vaccines have been idcndfic^ 

Following the methods described in the copending applications noted 

20 ^ve, certain pepddes capable of binding at muldple HLA alleles which possess a 

common modf have been idendficd. The moufs of those pepddes can be charactcrirrd 
as follows: N-XPXXXXXX(AVILM)-C; N-XPXXXXXXX(AVILM)-C; N- 
3ttXXXXXXCEWY)-C; and N-XFXXXXXXX(FWY)-C. Modfs that are c^le of 
binding at midtiple alleles are referred to here as "supcrmotifs.* The particular 

25 :.$upennodf$ above are specifically called •B7-like-supcrmoiifs.' 

Immunogenic pepddes of the invcndon are typcally identified tmng a 
computer to scan the amino add sequence of a desired andgen for the presence of die 
SDpermotifs^ Examples of andgcns include viral andgens and andgcns associated with 
cancer. An andgen associated with cancer is an andgen* such as a melanoma antigen^ 

30 dot is characteristic of (i.e., expressed by) cdls in a malignant tumor but not mnnally 
expressed by healthy cells. Examples of suitable andgens particularly indnde hepatitis B 
core and sur&cc anrfg*^< (HBVc, HBVs) bqodtis C antigens, ^pstein-Barr virus 
andgcns, and huntan immunodeficiency virus (HIV) andgens, and also include prostate 
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Specific aimgen (PSA), melanoma antigens (eg.. MAGE-1), and human {>a|HHt»ma virus 
(HPV) andgcns; this list is not intended to exclude other sources of antigens. 

Peptides comprising the supcrmotif sequences, including those found in 
protdns from potential antigenic sources arc synthesized and then tested for their ability 
S to bind to the appropriate MHC molecules in a variety of assays. The assays may use, 

for example, purified class I molecules and radioiodonated peptides. Altcmatiycly, 
binding to cdls expressing empty class I molecules can be detected by, for instance, 
immunofiuorescent staining and flow microfluonmctry. Those peptides that bind to the 
class 2 nu^ecule may be further cvahiated for their ability to serve as targets for CTLs 

10 derived horn infected or immunized individuals, a$ well as for their capacity to induce 

primary in vino or in vivo CTL responses that can give rise to CTL populations capable 
of reacting with virally infected target cells or tumor ceils as therapeutic agents. 

Recent evidence suggests however, that high affinity MHC binders might 
be, in most instances, immunogenic, suggesting that peptide epitopes might be selected 

15 on the bans of MHC binding alone. 

Pq)tides comprising the supcrmotif sequences can be identified, as noted 
above, by screening potential antigenic sources. Useful peptides can also be identified 
by synthesizmg peptides, with systematic or random substitution of the variable residues 
in the supcrmotif^ and testing them according to the assays provided. As demonstiatoi 

20 bdow. it is useful to refer to the sequences of the target HLA molecule, as well. 

The nomenclature used to describe peptide compounds follows the 
conventional practice wherein the amino group is presented to the left (the N-terminus) 
and the carbox^ group to the right (the C-tcrminus) of each amino acid residue. In the 
formulae rq>resentxng selected^ specific embodiments of the present invention, the amino* 

25 and carboxyl-teiminal gnmps» although not specifically shown, are in the form they 

would assume at physiologic Ph values, unless otherwise specified. In the amino acid 
structure formulae, each residue is genteraUy represented by standard three letter or single 
ktler itesignaiions» The L-ferm of an amino add reudue is represented by a cs^nta! 
single letter or a ca|»tai first letter of a three-letter symbol, and the D-fonn for those 

3D imino adds having D^fonns is xcpmaitcd by a lower case single letter or a lower case 
three letter symbol. Glycine has no asymmetric carbon atom and is simply rcfencd to as 
*Gly* or G. The l^tcr X in a motif represents any of the 20 amino adds found in Table 
I, as well non-naturaOy odcitrring amino adds or amino add mimeticS. Brackets 
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sanounding ixxnc dian one annno add indicates that the motif includes any one of the 
amino adds. For example, the supcnnotif "N-XPXXXXXX(AVILM)-C' indodcs cadi 
of the following peptides: N-XPXXXXXXA-C, N-XPXXXXXXV-C, N-XPXXXXXXI- 
C. N-XPXXXXXXL-C, and N-XPXXXXXXM-C. 

For pcptide-based vacdnes, the peptides of the present invcntipn 
preferably comprise a motif (Table 2) shows the distribution of certain HLA alleles in 
human populations.. 
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TABLE 1 

Oripinal Residue Exemplary S nbstinirion 
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15 



20 



25 
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Ala 


scr 


Aig 


ly$ 


Ash 


gin 


Asp 




Cvs 


scr 


Gin 


asn 


Gill 


asD 




pro 


His 




lie 


Icu; val; met 


ixu 


uc, vai, iRct 




arg 


Met 


Idi* il^* val 


Phc 


ryr, up 


Scr 


ihr 


Thr 


scr 


Tip 


lyr; phc 


Tyr 


tip; pbe 


Val 


lie; leu; met 
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For assays of pq>tide-HLA interactions (eg., quantitative binding assays) 
cells with defined MHC molecules aie usefid. A large number of cells widi defined 
MHC molecules, pamcularly MHC Class I molecules, arc known and readily available* 
For example, buman EBV-transforined B cell lines have been shown to be cxceilent 
5 sources for die preparative isolation of class I and class n MHC molecules 

WcU-chaiacicrizcd cell lines arc available from pnvate and commercial sources, su^h as 
American Type Culture Collection ("Catalogue of Cell lines and Hybridomas,* 6th 
edition (1988) Rodcville, Maryland, U.S.A.); Itoional insdtutc of General Medical 
Sciences 1W(V1991 Catalog of Cdl Lines (NIGMS) Human Generic Mutant Cdl 

10 Rqxisitory, C^den, NJ; and ASHI Kcpositoiy, Brigbam and Women's Ho5{Htal, 

75 Francis Slrcct, Boston, MA 02115. Cdl lines suitable as sources for various HLA-A 
alleles arc described in the copending aj^licadohs. Table 3 lists some B cell lines 
suitable for use as sources for HLA-B and HLA-C alleles, which arc particularly usefid 
in the present invendon. All of these cell lines can be grown in large batches and are 

15 diercfore useful for large scale production of MHC molecules. One of skill will 

recognize thai these arc merely exemplary cell lines and that many other cdl sources can 
be employed. 
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TABLE 3 

HUMAN CELL LINES (HLA-B and HLA-C SOimCES) 



5 



HLA-B alMfr 


BceUline 


B1801 


DVCAF 


B35Q3 




B0701 


GM3107 


B140I 


LWAGS 


BSlOl 


KAS116 


BS301 


AMAI 


B0801 


MAT 


B27QS 


LG2 


B540r\ 


KT3 


61302 


CBUF 


64403 


prrouT 


63502 


HSI 


£3501 


BUR 


B4001 


LB 



HLA-CaUde Bcdllinc 

25 

Cw0601 CIR 



In the typical case, inununoprcdpitation is used to isolate the desired 
30 allele. A number of protocols can be used, depending upon the specificity of the 

antibodies used* For example, allele-spccific mAb reagents can be used for the aCBni^ 
purificatbn of the HLA-A, HLA-B, and HLA-C molecules. Monoclonal antibodies 
available for isolating various HLA molecules include those listed in Table 4. AlBm^ 
columns prqiared with these mAbs unng standard ty/^^njgyfs used to purify the 
35 respective HLA allele products. 
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TABLE 4 

ANTIBODY REAGENTS 



and-HLA 



Name 



10 



IS 



20 



25 



30 



35 



40 



HLA-A2 

HLA-Al 

HLA-A3 

HLA-11,24.1 

HLA-A,B,C 

monomoiiMc 
HLA-B,C 

monomoiphic 



BB7J2 

12/18 

GAPA3 

All.lM 

W6/32 

B9.12.1 

B. 1.23.2 



(ATCC,HB122) 
(ATCC, HB164) 
(ATCC, HB95) 



Tlw caparity to bind MHC Class I niokcules is.mcasurcd in a varieqr of 
difTcient ways. One means is a Class I molecular binding assay as described in Exanq>Ie 
2, below. Other allcmaiives described in the literature include inhUiition of antigen 
piesentalicm (Sctte, el al., J. Immunol 141:3893 (1991)), in vitro assembly assays 
(Townsend, et aL, Cifl 62:285 (1990)), and FACS based assays uring mutated ceUs, 
such as SMA.S (MeUcf, et al., Eur. J. Immunol 21:2963 (1991)). i 

Next, pqmdes that test positive in the MHC dass I landing assay are 
ass^ed for the abifity of the peptides to induce qjedfic CTL responses in vitro. Ttx 
instance, antigeniwescnting cells that have btxa incubated widi a pq>ddc can be assayed 
for the ability to induce CTL leqxmses in reqxmder cell populations. 
Aoligea-iHesendng cdb can be ncmnal cells such as penpbend blood nmnonudear cells 
or dendritic ccUs (Inaba, et al., /. Exp. Med. 166:182 (1987); Bopg. Bir. J. Immmwt. 
18:219 (1988)). Alleznatively, transgenic mice coiiipriang an appropiiatB HLA 
innsgcne can be used to assay the sdality of a pq>tide to induce a response in cytotoxicT 
lympbocpes essentially as described in adding U.S. Patent Application No. 
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08/205,713. 

Alternatively, mutant jnammalian cell lines that are deficient in their 
ability to load class I molecules with internally processed peptides, such as the mouse 
cdl lines RMA-S (Kane, el al.. Namrc, 319:675 (1986);l.junKXCii, ei al., Eur. J, 

5 btmvmoL 21:2963-2970 (1991)), and the human T cell hybridoma, T-2 (Ceiundolo, ct 

al.^ Nature 345:449-452 (1990)) and which have been tiansfected with the ai^yroptiate 
buman class I genes are conveniently used, when peptide is added to them, to test foe the 
capacity of the pepdde to induce in vino pdmary CTL responses. Other eukaryotic cdl 
lines which could be used include various insect cell lines such as mc^quito larvae 

10 (ATCC ccU lines CCL 125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 

8851), aimyworm (ATCC CRL 171 1), moth (ATCC CCL 80) and Drosophila cell lines 
such as a Schneider cell line (see Schneider 7. EmbryoL Exp. MorphoL 27^353-365 
tl527D. 

Peripheral blood lymphocytes arc conveniently isolated following simple 
15 venipuncture or leukapheicsis of normal donors or patients and used as the xcqxxider cell 

sources of CTL precursors. In one embodiment, the appropriate antigen-presenting ceOs 
arc incubated with 10-100 pM of peptide in serum-free media for 4 hours under 
a^ipropriate culture conditions. The pcpdde-loaded andgcn-prcsenting cells are ihok 
incubated with the rc^xmder cell populadons in vitro for 7 to 10 days under optimized 
20 culture conditions. Fondve CTL activadon can be determined by assaying the cultures 

for the presence of CTLs that idll radiolabeled target cells, both spcdftc pcptide-pulsed 
targets as well as target celb cxpressmg endogenously processed form of the relevant 
virus or tumor andgcn from which die pepdde sequence was derived. 

Specificity and MHC restricdon of Ae CTL is determined by tesdng 
;2S against different pepdde target cells repressing appropriate or irsapprt^mate human MHC 
.dass L Tlw pcpddes that test posidve in the MHC binding assays and give rise to 
specific CTL le^nses are referred to hexdn as immunogenic pq>tides. 

The tmihunc^enic peptides can be prepared synthedcally, or by 
recombinant DNA technology* Although the pcpdcfe. will preferably be substantially fiee 
30 of other naturally occurring host cdl jnoteins and fragments thereof, in some 

embodiments the pqpddes can be synOieticaQy conjugated to native fragments or 
pattides. 

Hie ix)lypq>tides or pq>ddcs can be a variety of lengths, ddier in their 
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ncntial (uncharged) fonns or in forms which arc salts, and dlhcr free of modificanons 
such as glycosyladon, side chain oxidadort, or phosphorybdon or containing these 
modificanons, subject lo the condidon diat die roodificadon not destroy the biological 
acdvity of the polypcpddcs as herein dcsciibed. 

5 Desirably, the pepdde will be as small as possible while still maintaining 

substantially all of the biological acdvity of die large pepdde. When possible, it may be 
desirable to opdmizc pepddes of die invcndon to a lengdi of 9 or 10 amino add residues, 
commensurate in size wiA cndogenously processed viral pepddes or tomor cell pepddes 
that arc bound to MHC class I molecules on die cell surface. 

IQ Pepddes having die desired acdvity may be modified as necessary to 

provide certain desLtcd attributes, eg., improved pharmacological characterisdcs, while 
increasing or at least retaining substantially all of die biological activiiy of the 
unmodified peptide to bind die desired MHG molecule and activate die appropriate T 
cdl. For instance, die pepddes may be nibject to various changes, such as substitutions, 

15 ddicr conservative or non-conservative, where such changes might provide for certain 

advantages in didr use, such as improved MHC binding. By conscrrative substitutions 
is meant replacing an amino add rcaduc widi anodier which is bidogically and/or 
chemicaDy similar, e.g., one hydrophobic residue for anodier, or one polar residue for 
anodicr. The substitutions indude combinations such as Gly, Ala; Val, lie. Leu, Met; 

20 Asp, Glu; Asn, Ghi; Ser, Thr, Lys, Arg; and The. Tyr. The effect of single amino add 

substitutions may also be probed using D-amino adds. Such modifications may be made 
using well known peptide syntiicsis procedures, as described in c.g., Merrifidd. Scunce 
232:341-347 (1986)^ Barany and Menifidd> The Peptides^ Gross and Mdcnhofer, eds. 
(N.Y., Academic Press), pp. 1-284 (1979); and Stewart and Young, SoM Phase Peptide 

25 Symhesii, (Rockford, HI., Kcrcc), 2d Ed. (1984), incorporated by reference hcrdn. 

The pqvtides can also be modified by extending or decreasing die 
compound's amino acid sequence, c,g., by die addition or deletion of amino acids. The 
peptides or analogs of die invention can also be modified by altering die order or. 
comporitioit of certain residues, it being readily appredated dial certain amino add 

30 residues essential for biological activity, c-g., dmse at critical contact sites or conserved 
residues, may generally not be altered widiout an adverse effect on biological activity. 
The non-critical ammo adds need not be limited to diose naturally occurring in proteins; 
such as L-o-amino adds, or their D-isomcrs, but may indude non-protein amino adds as 
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wdl, sudi as i5-7-2rainbo adds, as wdl ai lira 

Typicaily» a series of peptides with single amino add subsntudons are 
employed to dctcnninc ihc effca of dectrostatic charge, hydrophobirity, etc. on binding. 
For instance, a scries of positively charged (e.g., Lys or Arg) or negatively charged 

5 (eg., Ghi) amino add sobsdtutions are made along die lengUi of the pcpdde revealing 

diCTcicm patterns of sensidvity towards various MHC molecules and T ceU xecq)tors. hi 
addition, nmitiple subsdtudons using small, rdativdy neutral mcned^ such as Ala, Gly, 
Pro, or similar rcridues may be employed. The subsdtudons may be horoo-oligomers or 
hetero^gomen. Tbe number and types of residues which are substituted or added 

10 dq)end on the spacing necessary between essential contact points and certain functional 

attributes which are sought {e.g., hydrophobidiy versus hydrophQidty). Increased 
binding affinity for an MHC molecule or T cell receptor may also be achieved by such 
si^sdtutions, compared to the affinity of the parent peptide. In any event, such 
substitutions should employ amino add residues or other rnolecular fragmenu chosen to 

15 avoid, for cxan^ple, steric and charge interference whidi might disrupt binding. 

Amino add substitutions are typically of angle residues. Substitutions, 
deletions, insertions or any combination thereof may be combined to arrive at a final 
peptide. Substitutional variants are those in whidi at least one residue of a pq^tide has 
been removed and a different residue inserted in its place. Such substitutions generally 

20 are made in accordance with Table 1 when it is desired to findy modtdate the 

characteristics of the pqpdde. 

Substantial changes in function (e.g., afBnity for MHC molecules or T cell 
rccqitors) arc made by s^cting substitutions that are less conservative than those in 
TaUc 1, Le., sdccting residues that differ mdre sgnificandy in dietr effect.on 

2S maintauung (a) the structure of the peptide backbone in the area of d&e substitution, for 
example as a sheet or hdical conformation, (b) the charge or hydrophobidty of the 
nttdedde at the target site or (c) the bulk of the side diain. The sid>stitutions widcb in 
general are expected to produce die greatest dianges in peptide propcities wiB be dxne in 
ndudi (a) hydrophiltc residue, e.g: scryl oc threon]^, is substituted for (or by) a 

30 hydrophobic residue, e.g. leuc^, isoleucyl, pheriyhlanyl, valyl or alanyl; Cb) a cysteine 
or ptoliiie is i^?^ctiy»twi for (or by) any other residue; (c) a rcndue having an 
dectniposidve sde chain» e.g., lysl, arginyl, or faisddyl, is substituted for (or by) an . 
dectroncgadve resdue, e.g. glutamyl or aspar^l; or (d) a reridue having a bulky side 

SUBSnTUTESHEEr(RULE2B) 



WO9&03140 



15 

chain, eg. phenylalanine, is substituted far (or by) one not having a adc chain, c.g.. 
glycine. 

The peptides may also comprise isosteies of two or more icadtics in the 
immunogenic peptide. An isostcrc as defined here is a sequence of two or more residues 

5 that can be subsrinitcd for a second sequent because the stcric conformation of the fint 

sequence fits a binding site specific for the second sequence. Hie term specifically 
incdudes peptide badd>one modifications weU known to Such 
modifications include modifications of the amide nitrogcn/the ct-caibon, amide caibonyl, 
complete replacement of the amide bond, exicnaons. delciio 

10 Scc,gcncndly. Spatola, Ctomsro^ flrtrfB/o^^ 
Proteins, VoL vn (Weinsirin cd.. 1983). 

Modifications of peptides with various amino add mimetics or D-amino 
adds, for instance at the N- or C- lennini, arc particularly uscfiil in incrcasing lhe 
stability of the peptide w vtw. Stability can be assayed in a number of ways. For 

IS instance, peptidases and various biological media, such as human plasma and serum, have 
been used to test stabifity. See, e.g., Vcrhoef et al., Ewr. J. Dmg Metab. Phamacokiiu 
11:291-302(1986). Half life of the peptides of the present invention is conveniently 
determined uring a 25% human serum (v/v) assay. The protocol is generally as foUows. 
Pooled human serum ^Typc AB, non-heat inactivated) is ddipidatcd by ccntrifugadon 

20 befoieuse. TTic scrum is then dOuted to 25% with KPM tissue culture rnc<fia a^ 
to test peptide stability. At predetermined time intervals a smaD amount of reaction 
sohidon is removed and added to dthcr 6% aqueous trichloracetic arid or ethanol. Hie 
doudy reaction sample is cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated scrum proteins. The presence of the pqrtidcs is then determined by 

25 rcvcrsed-phasc HPLC using siahflity-^Kcific chrOmaiogntiAy conditions. 

The peptides of the present invention or analogs ihereoif which have CTL 
stimulating activity may be modified to provide desired at&ibutcs other than improved 
scrum half fife, tat instance, the aWBty of the peptides to induce CTL activity can be 
enhanced by linkage to a sequence whidi contains at least one qiitope that is c^le of 

30^ inducing a The^wflrcqKMise. Particulariy preferred im mn nagmt c pq>tides/T hdper 
conjugates arc finked by a spacer molecule. Tlie spacer is qrincOIy comiidscd of 
rdafivdy smafi, neutral molecules, sodi as amino adds or amino acid mimetics, irfiidi 
arc substantially uncharged under pbysiologjcal conditions and may have Unear or 
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bnmcbcd side chains. The spacers aie typically selected fibin, eg., Ala, Gly, or other 
neocial spacers of nonpolar amino acids or neutral polar amino adds. It will be 
understood that the optionally present spacer need not be comprised of die same residues 
and thus may be a hetcro- or bomo-oUgomcr. When present, the spacer wiH usually be 
5 at least one or two residues, more usually diree to six residues. Alternately, the CTL 

pq>tide may be linked to die T helper peptide without a spacer. 

The immunogenic pepdde may be linked to the T helper peptide either 
(firccdy or via a spacer eidicr at the amino or carboxy leiminus of the CTL peptide. The 
aixuno terminus of eidter the immunogenic pepdde or the T helper pq>dde may acylated. 

10. Exemplary T helper pepddes iixdude tetanus toxoid 830-S43, influenza 307-319, malaria 
drcumsporozoite 382-398 and 378-389. 

In some embodiments it may be desirable to include in the pharmaceudcal 
composidons of the invendon at least One component which primes CTL. Lipids have 
been idcndScd as -agents capable of priming CTL in vivo against viral andgcns. For 

13 example, palnudc acid residues can be attached to the alpha and epsilon amino groups of 
a Ly$ resdue and then linked, eg., via one or more linking residues such as Gly, 
Gly-Gly-, Ser, Scr-Ser, or the like, to an immunogenic peptide. The lipidatcd pqitide 
can dien be injected directly in a miccUar form, incorporated into a liposome or 
emulaficd in an adjuvant, e.g., incomplete Freund's adjuvant. In a preferred 

20 embodiment a pardcularly effccdve immunogen comprises palmidc add attached to alfto 
and epsilon amino groups of Lys, which is attached via linkage, e.g., Ser-Ser, to die 
amino terminus of the immunogenic pepdde. 

As another example of lipad priming of CTL responses, jE coS 
lipoproteins, such as tripalnutoyl-S-glyccrylcystdnlyseryl-serine (JPJCSS) I can be used to 

25 prime virus specific CIL when covalently attached to an ^iptn^xiate peptide. See, Dms 
et aL, Namre 342:561-564 (1989X incorporated herein by reference. P^ddes of the 
invention can be coupled to P)CSS, for example, and the lipopeptidc administcrcd'to an 
individual to q)ccificaliy ptirnc a CTL response to the target antigen. Furdier, as the 
induction of neutralizing antibodies can also be primed wbh P]CSS conjugafied to a 

30 ' pqptide which displays sin aj^ioprute epitope, die two compositions can be combined to 
more effectively elidt both bimioral and cell-mediated responses to infection. 

In adtfidon, additional amino adds can be added to the ternuni of a peptide . 
to provide for ease of linking peptides one to another, for coupling to a carrier support, 
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or larger pq)dde, for roodifyiiig the physical or chemical prdpcnics of the pqidde or 
oligO{>q)tide, or the like Amino adds such as tyrosine, cysteine, lysine, glutamic or 
aspaitic acid, or the like, can be introduced at the C- or H-terminus of the peptide or 
oIigopq>tide. Modiiicadon at the C terminus in some c as e s may alter binding 
5 charactciistics of the pqmde. In addition, the peptide or oligopeptide sequences can. 

diOsr £rom the natural sequence by being modified by terminal-NI^ acylation, c.g., by 
aOamoyl (CpCjiJ or thipglycolyl acctylation, texminal-carboxyl amidation, c.g., ammonia, 
metl^laroine, etc In some instances these modifications ihay ]m>vide sites for linking to 
a support or other molecule. 

10 The peptides of the invcndon can be prepared in a wide variety of ways. 

Because of thdr relatively short size, the peptides can be synthesized in solution or on a 
solid support in accordance with convendonal techniques. Various automatic synthesizers 
are commercially available and can be used in accordance with known protocols. Sce» 
for example, Stewart and Young, Phiise Pepiide Symhcsis^ 2d. cd,. Pierce Chemical 

15 Co. (1984), Siq>ra, 

AUcmativdy, recombinant DNA technology may be employed wherein a 
nucleotide ^rqam^^ which encodes an immunogenic peptide of interest is inserted into an 
expzession vector, transformed or transfocted into an appropriate host ceil and cultivated 
under ccmditions suitable for cxpresrion. These procedures arc generally known in the 

20 art, as described generally in Sambrook et aL» Moleadar Cloning, A Laboratory Manual, 

Cold Spring Harbor Press, Cold Spring Harbor, New York (1982), which is incorporated 
' herein by reference. Thus, fusion proteins which comjmse one or more peptide 
sequexuxs of the invention can be used to present the appropriate T cell qutope. 

As the coding sequence for pep^des of the length contemplated herein can 

25 be sybthenzed by chemical techniques, for example, the phosphotriester method of 

Matteucd et aL, J. Am, Chan. Soc 103:3185 (1981), modification can be made amply 
by substitDting the ap|m>priate basc(s) for those cncocfing the native peptide seq u e nce . 
The co(Sng sequence can then be provided with appropriate linkers and ligated into 
ejqxpBsion yectors commonly available in the art* and the vectors used to transforin 

30 stniaUe hosts to produce the desired fusion protein. A number of such vectors and 

smtabte bast ^sterns are iiow av^lahle. Rxre^iircssioaof the fusion protdrts, die ccx& 
sequence win be provided with operably linked start and stop codons, promoter and 
terminator ic^ons and usually a rcplicatibn system to provide an exprcsnon vector for 
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e3q>n:ssk)n in the dcsiied ceOalar hosL For example^ pjomoter sequences compatible 
with bacterial hosts are provided in plasmids containing convenient restriction sites for 
insertion of the desired coding sequence. The resulting expression vectors- are 
tcansformcd into suitable bacterial hosts. Of course, yeast or mammalian cell hosts may 

5 also be used, employing suitable vectors and contnd sequences. 

The pqyddes of the present invention and pharmaceutical and vaccine 
conqpositions thereof are useAil for administration to mammals, particularly humans, to 
treat and/or prevent viral infection and cancer. Examples of diseases whidi can be 
treated using the immunogenic peptides of the invention include prostate cancer, hepatitis 

10 B, tepatitis C, AIDS, renal carcincHna, cervical carcinoma, lymphoma, CMV and 
condlyloma acuminatum. 

For i^iarmaceutical compo^tions, the immunogenic peptides of the 
invention are administered to an individual already suffering from cancer or infected with • 
the virus of interest Those in the incubadon phase or the acute phase of infection can be 

15 treated \yith the immimogcnic peptides separately or in conjunction with other tieatments, 
as appropriate. In thciapcutic applications, compositions are administered to a patient in 
.an amount sufficient to didt an eCfoctive^CIL response to the virus or mmor andgen and 
to cure or at least partially arxcst symptoms and/or complications. An amount adrqnate 
to accoinpiish tlus is defined as '^therapeutically effecdve dose.* Amounts effecdve for 
• 20 this use will dq)end on, e.g., die pqitide composidon, the manner of administration, the 

stage and severity of the disease bdng treated, the weight and general state of health ot 
the padent, and the judgment of the inscribing phy^dan, but generally range for the 
initial immunisation (that is for tbetapeodc or prophylactic administration) from about 1.0 
;ig to about 5000 fig of pqytide for a 70 kg patient, followed by boostiiig dosages of from 

25 idmtt 1.0/tg to.^xntt 1000 of pq>tide pursuant to a boosting regimen over weds to 
mondis dq>ending tipon the patient's response and condition by measuring specific CIL 
activi^ in the patient's blood. It must be kept in niind that the pq>tides and compositiotts 
of the present invention may generally be employed in serious di»ase states, that is, life* 
threatening or potent&dty life threatonng situaiiozis; In suchcases, ia viewof die 

30 maninuzation of extraneous substances and the relative nontoxic nature of the *pq>tides, it 
is posnble and may be felt de^table by tte^ treating physician to administer substantial 
excesses of these pqtide compositions. 

For tter:q)eutic use, adnumstration should begin at the first sign of viral 
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infection or the detection or surgical removal of tumors or rficmly after diagnosis in the 
case of acme infection. This is followed by boosting doses until at least s^rmptoms arc 
substantially abated and for a period thereafter. In chronic infection, Ipading doses 
followed by boosting doses may be required. 

• 5 Treatment of an infected individual with the compositions of the invention 

may hasten resolution of the infection in acutely infected individuals. For those 
individuals susceptible (or predisposed) to developing chronic ii^ecdon the coroposidons 
aie particularly useful in methods for preventing the evoluBon from acute to chronic 
infecdon. Where the suscq>tible individuals arc identified prior to or during infection^ 

10 for instance, as described herein, the composition can be targeted to them, minimizing 
need for administradon to a larger population. 

The peptide compositions can also be used for the treatment of chronic 
infection and to stimulate the immune system to eliminate virus-infected cells in carrien. 
It is important to provide an amount of immuno-potentiating pepdde in a fonnuladon and 

15 mode of administradon sufficient to cffecdvcly stimulate a cytotoxic T cdl response. 

Thus, for treatment of chronic infection, a rfeprescniative dose is in the range of about 1.0 
pg to about 5000 ;ig, prcfcr;*ly about 5 fig to 1000 ;tg for a 70 kg patient per dose. 
Immunizing doses foDowcd by boosting doses at established intervals^ e.g., from raie to 
four weeks, may be required, p(»sibly for a prolonged period of tirne to effectively 

20 immunize an individual. In the case of chronic infection, administration should continue 
until at least clinical symptoms or laboratory tests incficate that the viral infection has 
been rt^fmnaii^H or substantially abated and for a period thereafter. 

The pharmaceutical compositions for therapeutic treatment are intended for 
parenteral, topical, oral or local administration. Preferably, die pharmaceutical 

25 conqxjsitrons are adnunistercd parcnteralty, e.g., intravenously, subcutancously, 
intradermally, or intramuscularly. Thus, the invention provides compositions for 
parenteral admuustration which compiise a solution of the immunogciuc peptides 
<fissolved or suspenifed in an acxcptable earner, preferably ^ aqueous carrier. A variety 
of aqueous canders may be used, eg., water, buftercd water, 0.4% saline, 0,3% glycine, 

30 byaluromc add and the liT rr . These compositions may be stecDized by conventional, wtU 
known sterilization techniques^ or may be sterile f3tered. The resulting aqueous solutions 
may be packaged fw use as is, or lyopbilized, the lyophifized preparation bdng comhiDed 
with a sterile sohition prior to administration. The compositions may contmn 
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jrfiannaccuticaHy acceptable auxiliaiy substances as lequiicd to appradmaic phyaologka: 
conditions, such as pH adjusting and buffering agents, tonicity adjusting agents, wetting 
agents and the IBcc, fox example, sodium acetate, sodium lactate, sodium chloride, 
potassium chloride, caldum chloride, soibitan monolauiaie, tricthanolaminc okaie. etc. 
5 In some embodiments it may be deriiable to include in the {Hiannaccudca! 

composition at least one component which enhances priming of CTL. Lipids have been 
idendficd as agents capable of enhancing priming of CTL w vim against viral antigens. 
For example, pahnitic add residues can be attached to die alpha and cpsilon amino 
groups of a Lys residue and then linked, c.g., lypicaUy via one or more linking residues 
10 such as Gly, Gly-Qy-, Ser, Ser-Ser^ or the like, to a synthetic peptide which comprises s 
dass I-rcstrictcd CTL epitope. The fipdated peptide can be administered in saline or 
incoiporated into a liposome emulsified in an adjuvant, e.g-, incomplete Frcund's 
adjuvant. In a prefcned embodiment a particuhrly effecdvc immunogen comprises 
palmitic add attached to alpha and cpsilon amino groups of Lys, which is atiadicd via 
15 linkage, eg.. Ser-Scr, to the amino terminus of a class 1 restricted pepddc having T ccU 
determinants, such as tfiose peptides described herein as wcU as odicr peptides which 
have been identified as having such d^enzunants. 

As another example of lijnd priming of CTL responses, JL coli Bpopiotein 
sudi as iripalmitoyl-S-glycerylcystdnly-seryl-scrine (P,CSS), can be used to prime virus 
20 spcdfic CTL when covalcntly attadicd to an appropriate peptide. Sec, Dcrcs ct at, 

Ndiure 342:561-564 (1989), incorporated herein by reference. Peptides of the invention 
can be coupled to P,CSS. for example, and the Hpopcptide administered to an individual 
to spcdfically prime a CTL. Furth^. as the Induction of ncutraliring antibafics can also 
be primed widiPjCSS conjttgated to a pqifide which displays an appropri^ the 
25 tvw> comj)ositions can be combined to more effectivdy didt boA humoral and cell- 
mediated responses to viral infection. 

The concentration of CTL stimulatory pq>tides of the invention in the 
pharmaceutical fonnulations can vary widdy, Le., from less than about 0.15&, usuaQy at 
ox at least abom 2» to as inuch as 20% ia50* or miKe by wdght, and wffl 
30 primaiity by fidd vohunes, viscosities, ctc», in accordance with the particular mode of 
adntinistration selected 

Thepepticfes of thcmvcntion may also be administered via liix»omes, 
i^riiuch serve to target the p^tides to a particular tissue, sudi as lymftoid tissue, or 
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largdcd sdccdydy to infcetcd cdls, as wdl as incitasc the half-^Bfc of the pqjtidc 
compoaiion. Uposonics indudc emulsions, foams, micdlcs. 
Kquidciystals,phosphoypid dispersions.^ la these 

picparations the peptide to be ddhrcrcd is incorporated as pan of a Iqwsomc, aioDe or in 

5 ccmjunction with a molecule which binds to, c.g., a receptor prevalent among lympbmd 
cdls, such as monodonal antibodies which bind to the CD45 andgcn, or with other 
ttoapeutic or immunogenic compondons. Thus, liposomes filled with a desired pq»dde 
of the invention can be directed to the site of lymphmd cetts, where the liposomes then 
ddsvcr the selected therapcutic/imraunogenic peptide compoadons, Oposomcs for use in 

10 the invention are formed ftom standard veade-fornnng lipids, which gencraUy indndc 
neutral and negatively charged phospholiirids and a sterol, such as choleslcrd. The 
selection of lipids is generally guided by ccmadcration of. e.g., liposome size, arid 
lability and stability of the liposomes in the blood stream. A variety of methods arc 
available for preparing liposomes, as described in, e.g., Szoka et al., AniL Key. Moph^s. 

15 Bioeng. 9:467 (1980), U.S. Patent Nos. 4.235,871, 4,501,728, 4.837,028, and 

5,019,369, incorporated herein by reference. 

For targeting to the immune cells, a ligand to be incorporated into the 
liposome can include, e.g., antibodies or fragments thereof q>ecific for crll surfece 
determinants of the desired immune system cells. A liposome suspension containing a 

20 peptide may be adminisiercd intravenously, locally, topic^y, etc, in a dose which varies 

according to, inter aiia^ the manner of adminisiration, the peptide being delivered, and 
the stage of the disease being treated. 

For solid con^xiaticms, conventional nontoxic solid carriers may be used 
which include, for example, pharmaceutical grades of rnannitcd, lactose, starch, 

25 magneaum stearaie, sodium saccharin, talcum. ceOulose, glucose, swaosc, magnesium 
carbonate, and the like. For oral adnunistration, a pharmaceuticaUy accqrtable nontoxic 
comporition is formed by incorporating any of tte normally enqrfoycd cxc^ 
those carriers prcWously listed, and generatty 10-95% of active ingrcd^ 
more pqptides of flic invoition, and mote preferably at a concetUxatioa of 25»-75*. 

30 For aerosol adaunistration, the immunogemc pqytides are preferably 

soppficd in finely divided form along with a surfactant and pn)pella^ typical 
peiccntage$ofpcptidesareO.Ol%.-20%by wdgbt,pre£erab^ 1%-10». Thesurfiictanl 
must, of course, be nontoxic, and preferably soluble in the propellanc Rqiresentative of 
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such agents arc the csim or partial esters oT fatty adds containing from 6 to 22 carbon 
atCHns, such as capioic, octanoic, lauzic, palmitic, stearic, linoldc, linolenic, diestcric and 
oldc adds with an aliphatic polyhydric alcohol or its cyclic anhydiide. Mixed esters, 
such as mixed or naniial glyccridcs may be employed. Ihc suriactanC may constitute 

5 0. 1 »-20% by wdght of the composition, preferably 0.25-5 % . The balance of the - 

compo^don is ordinarily prapcUanL A carrier can also be included, as desired, as with, 
e.g., ledtfain for intranasal delivery. 

In another aspect the present invention is directed to vacdncs. which 
contain as an active ingredient an immimogcnically effective amount of an iimnunpgenic 

10 pqrtidc as described herein. The pcpdde(s) may be introduced into a host, induding 
humans, linked to its own carrier or as a homcpolymcr or hcteropolymcr of active 
pcpdde units. Such a polymer has the advantage of increased immunological reacdon 
and, wbcrc difTercnt pepddes are used to make up the polymer, the additional ability to 
induce andbodies and/or CILs diat react widi different andgcnic detcxminants of ±c 

15 virus or tumor cells* Useful carriers are weU known in the an, and indude, eg., 

thyroglobulin, albumins such as human serum albumin, tetanus toxoid, polyamino adds 
such as polyOysineighitamic add), influenza, hcpatids B virus core protein, hq>adds B 
vims recombinant vaccine and the like. The vacdnes can also contain a physiologically 
tolerable (acceptable) diluent such as water, phosphate buffered saline, or saline, and 

20 further typically include an adjuvant Adjuvanu sudi as incomplete Freund*s adjuvant, 
aluminum pho^>hate, aluminum hydroxide, or alum are materials well known in the art. 
And, as mentioned above, CTL responses can be primed by coiijugating peptides of the 
invention to li{nds, such as PjCSS. Upon ixnmunization witfi a peptide coropositicm as 
described herein, via injection, aerosol, oral, transdcxnial or other route, the immtme 

25 system of the host responds to die vaccine by producing hrge amounts of CTLs specific 
for the desired antigen, and die host becomes at least partially immune to later infectioo, 
or resistant to devetoping chronic infection. 

Vacdne compositions containing the pq>tides of the invention are 
administered to a patient susceptible to or otherwise at risk vital infection or auccr to 

30 fit^t an response against the antigen and dius enhance the paticnt^s own immime 

response c^abifities^ Such an amount is defined to be an "iimnunogcnically effective 
dose.* In tins use, the predse amounts again dq)did on die patiem's s^ 
weight, the mode of administration, the nature of the formulation, etc, but generally 
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range from about LO /ig to about SOOO jtg per 70 kilogxam pancitt, more comnionly ftom 
about 10 ftg to about 500 ^g mg per 70 kg of bocty wdghL 

In some instances it may be desiiablc to combine the pcpddc vaccines of 
the invention with vacdnes which induce neutralizing antibody responses to the vinix of 

5 intcxcstf particulazly to viral envelope andgens. 

For thciapeudc or immunizadon purposes^ the pq>tides of the invcndon can 
also be expressed by a^*^'"^*^ viral hosts, such as vaccinia or fow^x. This ai^xroach 
involves the use of vaccinia virus as a vector to express nucleotide sequences thai encode 
the peptides of the invcndon, Upwi introduction into an acutely or chxonicaay infected 

10 host or into a non-infcctcd host, die recombinanlvaccmia virus c^^ 

immunogenic peptide, and thereby cBdts a host CTL response. Vaccinia vectors and 
methods usefid in immunization protocols are described in, c-g., U.S. Patent No, 
4,722,848, incorporated herein by reference, Anodicr vector is BCG (BactUe Calmettc 
Gtierin). BCG vectors arc described in Stover ct aL {Noiure 351:456-460 (1991)) which 

15 is incorpcwaied herein by reference. A wide variety of odicr vectors useful for 
ther2^>eutic administration or immunization of the peptides of the invention, e-g., 
Solmondla typhi vectors and the lEkc, will be apparent to Uiose skilled in the an from die 
description herein. 

Antigenic peptides may be used to clidt CTI* ex Wvo, as well. The 

20 rcndting CTl^ can be used to treat chronic infections (viral or bacterial) or tuniors in 

patients that do not respond to other conventional forms of therapy, or will not rc^nd la 
a peptide vacdne approach of dicn^. Ex vivo CTL responses to a particular padiogcn 
Onfcctious agent or tumor antigen) are induced by incubating in tissue culture die 
patient's CTL precursor cells (CTLp) togedier widi a source of antigen-presenting cdls 

25 (APQ and the ^ropriatc immunogenic pq^tidc. After an J^Jpropriatc incubation time 
(typically 1-4 weeks), in which die CTLp are activated and mature and expand into 
effector CTL, Ute cells arc infused back into die patient, where diey will destroy tficir 
specific target cell (an infected cell or a tumor cell). 

Ihe peptides may also find lise as (fiagntntic reagents* For example, a 

30 pq>tideof dieinvemioiirnay beiised todetexmiikethesuscq)tibffi^ 
indMdnal to a treaimcm regimen whtti anidoys die pc^^ 

rnay be hel^iitl m modifying an existing treatment protocol or iii determining a prognosis 
for an affected individuaL In adcfiticm, die pqHides may also be used to predict vAStk 
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Indmduals wm be at substantiai risk for dCTdop^ 

The following example is offered by way of iHnstratfon, not by way of 

finutaiion. 

5 BrampkJL 

^ Idcndfication of immunogenic peptides 

Uang the B7-likt^supennoli£s idcndfied in the paicrt ^fictions described 
above, sequences from potential antigmc souiccs induding Hepatitis B Vma 
Hepatitis C Vinis (HCV), Human PapiMoma Vims (HPV), Human Immunodefidcncy 
10 Vim (HIV), MAGE2/3, and Pbsroodium were analyzed for the presence of these mod^ 
Sequences fw the target antigens were obtained from the cunent GenBank 
database. TT« identification of motifs was done using the 'FINDPATTERNS' program 
(Dcveieux et al., Nucldc Adds Research 12:387-395 (1984)). A computer seaidi was 
carried out for antigen proteins comprising the B7-like-supermofif. 
j5 Table 5 lists peptides identified in this seaidi. Accordingly, a pre&ned 

embodiment of the invention comprises a comporition compriang a pqrtide of Table 5. 

Oftcr viral and tumor-related proteins can also be analyzed for the 
prcscmce of these motifs. Tbe amino add sequence or the niJclEotidc sequence encocfing 
products is obtained from the GenBank database in the cases of Prostate Sped^^ 
20 (PSA). p53 oncogene. ^Ktein Bair Nuclear Antigen-1 (EBNA-1). arid c-eib2 onco|^ 
■ (also caOed HER-2/neu). 

In the cases of Hepatitis B Virus (HBV). Hepatitis C Virus (HCV), and 
Human Imnumodefidcncy Virus (HIV) several strainsTisolates exist and many sequences 

have been placed in GenBank. 
25 Pot HBV, binding motifs are identified for the adr.adw and ayw types. In 

order to avoid replication of identical sequences, all of the adr motifs and only those 
motifs front adw and ayw thai are nol present in adr are added to die list of peptides. 

Id the case of HCV, a consensus sequence fiom resdue 1 to leadue 782 Is 
derived fiwn 9 viial isolates.. Motifs are identified on tbojeiegi«)n$ that have no or veiy 
30 Htlle (one residue) variation between the 9 isolates. Tlie sequences of residues 783 to 
3010 from 5 vital isolates v«re also analyzed. Motifs common to att Ac isolates are 

itfrnt jirwi and added to die peptide list 

Fmalty, a consensus sequence for HIV type 1 for North American viral 
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isrfatGS (10-12 viruses) was obtaiflcd 

QOzy 1991 idcase) and analyzed in order to identify motifs thai arc constant thiougtout 
most viral isolates. Motifs that bear a small degree of variation (one rendue, in 2 forms) 
were also added to the peptide HsL 

5 

The above examples arc provided to illustrate the invcndon but not to limit 
its scope. Other varianU of the invention wiU be readily apparent to one of ordinary skiD 
in the art and arc encompassed by the appended dims. *A11 publicadons, patents, and 
patent plications cited herein arc hereby incorporated by reference. 
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Table 5 



PBPTIBE AA 


AA 


SEQOENCB 


SOURCE 


B*0701 


1021 


9 


FPFKYAAAF 


B35 consensus peptid 


0 


1054 


9 


yPKVKQWPI, 


Yl analog of 1054.05 


O 


1075 


11 


CILESCrRAVi 


MAGB-1 


0 


1080 


9 


YPAEITLYW 


B53 self peptide . 


0 


1086 


9 


FANPNFQTL 


Cv3 consensus 


0 


1086 


9 


FAMPHFYTI. 


Cv3 consensus 


0 


1086 


9 


QPDDAVYKI. 


Cw4 consensus 


0 


1086 


9 


IPYPIVRKL 


Cw6 consensus 


1 


1086 


9 


IPypIVRSI, 


Cw6 consensus 


1 


1086 


9 


IPFPIVRVI* 


Cv6 consensus 


0 


1086 


9 


RYRPGTVAL 


Histone H3.3 


0 




9 


MPRGVVVl?If 


B7 Nat. Processed 


3 




10 


IPENHVLSPI* 


p53» 26-35 


0 




10 


APAPAPSHPI* 


p53. 84-93 


1 




11 


SPAUIKHFCQL 


p53- 127-137 . 


0 




9 


GTRVRAMAI 


p53, 154-162 


0 




9 


RPILTIITX* 


p53. 249-257 


0 




10 


LPPGSTKRAL 


p53. 299-308 


0 




9 


SPQPKKKPL 


p53. 315-323 


0 




10 


KPLDGEYFTL 


p53, 321-330 


0 




9 


GSRAHSSHL 


p53, 361-369 


0 
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1 . A composidoa cotapsismg an inununogexdc pq>tide having a 
siq>eiiDotif which allows the immuxiogenic peptide to bind more than one HLA molecule, 
the immunogenic pqmde having between about 9 and about 10 residues; 
5 a first conserved residue at the second portion from the N*terminus being 

P;and 

a second conserved residue at the C-tcnninal position being selected irom 
the group consisting of M» I, and an aromatic residue. 

10 2. The composition of claim I, wherdn the immunogneic pq>tode is 

selected from the ^up consisting of SEQ^ ID. Nos. 1-21, 

3, A mediod for inducing a CFL response in a padent, the method 
compiinng administering to the patient a ther^utically effective dose of the 
15 immunogenic peptide of claim 1. 
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